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Fig. 1- Study area, sampling location and land uses
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Table 1- Some physicochemical properties of soils in different land uses in the study area (N=75)

CCE CEC EC pH oM Clay Silt Sand
(%) (cmolikg™) (dsm™) - (%) (%) (%) (%)
Agricultural gj,WiS
8l
Pl 42 10.3 0.19 6.95 0.57 3 27 9
Min
Sl
41.6 26.5 1.02 7.72 5.52 37 74 55
Max
0ls 20.7 20.8 0.33 7.40 1.64 22.38 47.27 30.35
Mean
Pasture &5y
Jilas
. 1.9 8.8 0.12 6.92 0.39 8 20 8
Min
Sl
44.9 273 0.52 7.80 3.07 30 62 69
Max
oSl
14.8 17.3 0.22 7.38 1.21 16.89 3541 47.70
Mean
Urban (g sew
Jilas
. 17.6 12.5 0.29 7.03 0.95 2.04 23 45
Min
Sl
36.1 17.7 4.24 7.44 6.80 27.76 47 73
Max
oSl
22.9 14.8 1.97 7.18 3.00 12.28 33.28 54.44
Mean
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Table 2- Some statistical properties of the total concentration (mg/kg) of heavy metals in different land uses

(N=241)
Co Cr Mn Ni Fe Cd Cu Zn Pb
Agricultural ;9L
Jslas
. 17.0 12.0 375.0 14.5 8.4 0.24 17.5 91.3 40.0
Min
Sl
Ma 333 67.7 941.3 80.8 271 2.89 185.5 1353.8 340.0
X
' Sl ) ) ; ;
o 25.0° 26.1° 629.1° 52.6° 17.2° 0.75° 37.6° 167.8° 69.0°
Mean
S.D 32 9.7 134.5 13.8 35 0.58 19.9 125.7 34.6
Pasture &5y
Jslas
. 17.0 7.0 372.5 21.8 8.4 0.40 11.3 86.3 40.0
Min
Sl
Max 35.8 44.5 1761.3 86.8 27.6 4.11 149.0 567.5 288.8
\. /'L.A
ok 25.1° 21.6° 698.9° 44.5° 17.0* 0.83° 32.8° 146.7° 80.6"
Mean
S.D 3.7 7.8 212.7 13.4 4.2 0.58 24.1 80.2 38.5
Urban g sew
Jilas
Min 17.5 10.0 338.8 12.8 10.0 1.35 43.8 180.5 90.2
Sl
Max 25.0 26.3 677.5 55.3 20.5 4.01 352.5 1223.8 1357.5
\uzit*" a c c c b a a a a
21.3 17.0 506.9 37.2 14.0 2.47 75.9 399.1 220.1
Mean
S.D 2.07 3.9 87.2 9.2 2.5 0.86 60.4 266.8 246.6
FCcv 14 39 24 30 22 84 77 84 111
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1: Mean separation of elements based on the average under different land uses (vertical)
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Table 3- Concentration of metals extracted with DTPA-extractable (mg/kg) under different land uses (N=75)

Agricultural gj,4WiS

sl 0.26 0.83
Min
Sl 0.62 21.23
Max
Lol Sl 0.37% 2.81°
Mean
i ke 0.36 2.31
Geometric Mean
&lo 0.35 2.15
Median
Pasture &5
sl 0.13 0.85
Min
Sl 0.55 17.65
Max
s Sk 0.32° 2.42°
Mean
a5 Sibe 0.31 1.81
Geometric Mean
&lo 0.33 1.59
Median
Urban (g st
sl 0.30 2.67
Min
Sl 0.58 7.12
Max
'l 5Ske 0.42° 4.46°
Mean
ewdid ke 0.41 4.24
Geometric Mean
&lo 0.41 4.24
Median

0.63 1.65 0.47
2.32 38.25 76.50
1.18° 5.16° 6.80°
1.14 3.40 1.91
1.15 2.43 1.17
0.28 1.07 0.56
1.62 63.38 70.38
0.78" 7.48" 7.48
0.72 3.93 2.35
0.74 2.87 1.92
0.89 3.63 11.25
1.51 281.18 71.35
1.13° 56.41° 34.20°"
1.11 27.24 27.09
1.04 28.48 28.01
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1: Mean separation of elements based on the average under different land uses (vertical)
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Table 4- Correlation (Spearman) between metals extracted with DTPA-extractable (mg/kg) to some soils
physiochemical properties.

Zn Pb Ni Cu Co

CaCOs -0.088 -0.065 0.144 0.182 0.116
EC 0.320" 0.230" 0.436" 0.463" 0.331"
pH -0.132 -0.076 -0.232° -0.339" -0.150
CEC -0.089 -0.184 0.324" -0.004 0.173
OM 0.225 0.204 0.253" 0.344" 0.127
Silt -0.252" -0.210 0.450" 0.121 0.236
Sand 0.261" 0.214 0.506"" -0.135 0.254"

Clay -0.160 -0.109 0.351" 0.104 0.131
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Introduction: Heavy metals are found to be one of the major environmental hazardous contaminants, for
human health, animal life, air quality and other components of environment. They can affect geochemical cycles
and accumulate in animal tissues since physical processes are not able to remove them, so they are consistent in
long term. The analysis of the total concentration of heavy metals in soil may provide information about soils
enrichment but in general, it is widely used to determine the potential mobility of heavy metals in environmental
behavior under chemical forms of metals in soils. Heavy metals existat several phases including water-soluble,
exchangeable, bounded to organic matter, bounded to carbonates, bounded to Fe-Mn oxides, secondary clay
minerals and residual fraction within primary minerals network. There is a dynamic equilibrium between
different fractions of elements in soil. The main objectives of the present study were a) The analysis of the total
concentration of heavy metals such as Fe, Mn, Ni, Cr, Co, Pb, Zn, Cd and Cu and b) The fractionations of heavy
metals and identification of controlling factors to distribution and behavior of heavy metals in soils at different
land uses.

Materials and Methods: The study was performed at central area of Zanjan province (Iran). The study area
was over 2000 km® in coordinates 20" 36° to 41° 36° E and 19” 48° to 53" 48° N. The average altitudes were
over 1500 meters above sea level. The major land uses of the study area included agriculture (AG), rangeland
(RA) and urban (UR). Sample collection was done based on the random grid method in August 2011. Surface
soil samples (0-10 cm depth) were taken from grid centers included 137, 77 and 27 samples from AG, RA and
UR land uses, respectively. The samples were digested in Nitric acid 5 normal (Sposito et al., 1982) and total
concentration of Pb, Zn, Ni, Mn, Cu, Cr, Fe and Co were measured by Perkin-Elmer: AA 200 atomic absorption
instrument and cadmium was measured by atomic absorption equipped with Rayleigh: WE-1E graphite furnace.
75 soil samples were selected, DTPA-extraction and sequential extraction were performed and physiochemical
characteristics of these samples analyzed. To extract the metals by DTPA, the method developed by Lindsay and
Norvell, (1978) was used and sequential extraction was done by Tessier et al., (1979) method. All statistical
parameters were calculated using SPSS 16.0 software, and mean comparison (mean separation) was carried out
using Duncan test at probability level of 5%.

Results and Discussion: The results indicated that heavy metals concentrations and patterns were evidently
affected by different land uses. Co concentration was between 17.0 — 35.7 mg/kg and had the lowest total
coefficient of variation (14%). The maximum total Cr and Ni values were measured in AG land use (26.1 and
52.6 mg/kg, respectively) and lowest was in UR land use (17.0 and 37.2 mg/kg, respectively). The highest total
average value of Mn was found in RA (698.9 mg/kg) and the lowest in UR (629.1mg/kg) land use. The highest
Fe concentrations were measured in AG and RA land uses (17.2 and 17.0 g/kg, respectively) and the lowest in
UR land use (14.0 g/kg). The maximum Concentration of total Cd was observed in UR land use (2.47 mg/kg)
and its minimum values were found in RA and AG (0.83 and 0.75 mg/kg, respectively) in the study area. In UR
land use, Cu and Zn were more significant than AG and RA land uses. Pb variation was the same as Zn so that
its increased concentration was found in urban land use (90.2 to 1357.5 on average 220.1 mg/kg). The highest Pb
values were measured in UR land use (220 mg/kg) while the lowest concentrations were found in RA and AG
land uses (80.6 and 69.0 mg/kg, respectively).

Different elements showed various fractional distribution in different land uses. The highest Co percentage
was related to residual fraction at all land uses, with values up to 48.4%, 54.0% and 48.1% in AG, RA and UR
land uses, respectively. Ni fractionation had approximately the same pattern with Co in all factions and land
uses, except exchangeable fraction of Ni that showed the lowest percentage in all land uses. The dominant
fraction of Cu was residual fraction with the amounts of 73.3% 76.0% and 61.9% in AG, RA and UR land uses,
respectively. The second dominant fraction in UR and AG land uses was related to that was bounded to OM,
with 16.5% and 10.1%, respectively. Zn distribution in the AG and RA land uses had the same trend:
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Residual>bounded to Fe-Mn oxides>bounded to OM>bounded to carbonate>exchangeable fraction. Whereas,
Zn distribution showed different trend in UR land use as bounded to Fe-Mn oxides>residual>bounded to
carbonate>bounded to OM>exchangeable fraction. Pb distribution was different in each land use. Pb showed
similar distribution to Zn in UR. In AG and RA land uses residual fraction of Pb was measured as highest
value while other fractions of Pb had these distributions: Pb bounded to carbonate>bounded to Fe-Mn
oxides>exchangeable >bounded to OM fraction in AG land use and Pb bounded to Fe-Mn oxides>bounded to
OM>bounded to carbonate>exchangeable fraction in RA land use.

Conclusion: Based on the results of this study, Cr, Co, Ni, Mn and Fe magnitudes are uneven in soils. The
total heavy metal concentrations fractionation can provide information on the contaminant metals sources. High
levels of exchangeable fractions, acid soluble and easily reducible perhaps indicates anthropogenic activities.
Naturally, Chemicals are associated to resistant soil fractions such as oxy hydroxides, organic matter and
sulfides. In soil fractionation, the contribution of each fraction in soil was a function of metal type and land uses.
Those metals were affected by anthropogenic activities such as lead, zinc, and partly copper, showed the highest
percentage in the fraction that influenced by external input sources. Those were characterized by lithogenic
origin (cobalt and nickel) was mainly found to be highest in residual fraction. However, in all metals, those
fractions affected by anthropogenic activities (non-resistant fractions) were much more in urban land use than
agriculture and rangeland ones.

Keywords: DTPA-extraction, Land Use, Sequential extraction, Soil Contamination



